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 WATER IN THE WORLD 
 
Food and water are two basic human needs. However, global coverage from 2002 
indicates that, of every 10 people:
• roughly 5 have a connection to a piped wa
• 3 make use of some other sort of improved water supply, such a
well or public standpipe
• 2 are unserved 
In addition, 4 out of every 10 people l
 
In recent decades, humanity has become aware of the need to preserve water 
resources, avoiding waste and especially avoiding cont
from achieving a rational use of these natural resources that, even they are partly 
renewable, with the increased use and pollution could be stopped the self 
regenerative capacity they have.
The distribution of water reso
human consumption varies greatly from region to region. 
available per person varies from less than 50 
over 100 000 m
3
 per year in humid and sparsely populated areas.
As it is shown in Figure 1, 
three percent is fresh water; slightly over two thirds of thi
in glaciers and polar ice caps.
groundwater, with only a small fraction present above ground or in the air.
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Water is essential for human survival and well
economy. However, resources are irregularly distributed in space and time, and they are under 
pressure due to human activity.
How can water resources be managed sustainably while meeting an ever increasing demand?
    
Figure 1: 
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INTRODUCTION TO WATER RESOURCES 
 
Introduction 
Water resources are sources of water that are useful or potentially useful to humans, 
needed for life to exist. 
The framework for allocating water resources to water users is known as water rights. 
The majority of human uses require fresh water, and also agricultural, 
industrial, household, recreational and environmental activities. 
Although fresh water is a renewable resource, yet the world's supply of groundwater is 
steadily decreasing, with depletion occurring most prominently in Asia and North 
America, although it is still unclear how much natural renewal balances this usage, and 
whether ecosystems are threatened. 
Climate change will also have significant impacts on water resources around the world 
because of the close connections between the climate and hydrologic cycle. 
Due to the expanding human population, competition for water is growing such that 
many of the world’s major aquifers are becoming depleted. 
Many pollutants threaten water supplies, but the most widespread, especially in 
underdeveloped countries, is the discharge of raw sewage into natural waters. 
Water has sources and supplies, economic, social, and political characteristics which 
make it a unique and challenging natural resource to manage. 
Sources and Supplies 
Water resources refer to the supply of groundwater and surface water in a given area. 
Water resources may also reference the current or potential value of the resource to 
the community and the environment. The maximum rate that water is potentially 
available for human use and management is often considered the best measure of the 
total water resources of a given region.  
Approximately 30 percent of the world’s fresh water is in liquid form and therefore 
potentially accessible for human use and management at any given time. The rest is 
either locked up in polar or glacial ice or water vapor. Of the 30 percent of fresh water 
in liquid form, almost all is held in groundwaters. 
Historically, attempts to develop global assessments of available water resources have 
resulted in limited applicability. The extreme difficulty in preparing a global assessment 
stems from the general lack of sufficient and reliable information on water availability, 
quality, and water use in many areas of the world. Efforts to balance supply and 
demand, and plans for a sustainable future are severely hampered by this lack of 
reliable information. Studies of water resources leading to meaningful assessments 
have been found to be realistic only if conducted on a regional or local basis. 
Reductions in scale also allow assessments of water quality in determining suitability 
for use, and perhaps most importantly the realistic evaluation of social, economic, and 
political factors that help determine per-capita water use. 
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Despite formidable constraints, some attempts to describe global water use have lead 
to amenable conclusions. For example, estimates indicate that since 1900, global 
water withdrawal has increased about nine-fold and per capita withdrawal has 
quadrupled. Globally, the largest use of water is for irrigation (70 percent), while 
industry uses 20 percent, and the remaining 10 percent is utilized for direct human 
consumption. As a result, humans now withdraw about 35 percent of the world’s 
reliable runoff. At least another 20 percent of this runoff is left in streams to transport 
goods by boats, dilute pollution, and sustain fisheries and wildlife.  
Obviously, these percentages may vary greatly from one region to another depending 
on natural precipitation and the degree of development and human population in the 
region. There may be further variance due to the fact that the distribution of water 
resources over the landmass of Earth is uneven and unrelated to population 
demographics or economic development, as it is shown is Figure 2. Humans have also 
attempted to decrease evapotranspiration by altering vegetation management 
scenarios and genetic manipulation, which often have serious environmental, social, 
economic, and legal ramifications. 
Figure 2: Water stress indicator in major basins (2004) 
 
Physical characteristics 
Water is made available by the natural hydraulic cycle of the atmospheric-oceanic-
terrestrial system. In most forms, water is a renewable resource since its continued 
flows are not affected by withdrawals or use. However, not all natural waters are 
renewable and renewable waters can become non-renewable by human actions such 
as contamination, watershed modification, or extraction in excess of inflow rate 
(Figure 3). Water is a vital resource for human and other animal and plant health. 
Water bodies provide habitats for aquatic life and riparian systems provide moisture 
for vegetation and terrestrial biota, transporting nutrients between one ecosystem 
4 
 
and another. As well, large water systems provide regional and climatic weather 
services.  
Water use has grown rapidly in modern times. The first 80 years of the 20th century 
saw a 200 percent increase in the world's average per capita water use, which 
accounted for a remarkable 566 percent increase in withdrawals from the world's 
freshwater resources. In addition, a significant portion of water resources have 
become unusable due to industrial and agriculture pollution. Diversions or transfers of 
water from watersheds to other regions have led to many ecological and human 
health disasters. Worldwide, more than 20 percent of all freshwater fish species are 
now threatened or endangered because of dams and water withdrawals. Also, ground 
water aquifers are threatened by exhaustion and saltwater intrusions from overuse 
worldwide. These inefficient and detrimental uses of water have led to concerns that 
its physical value is not reflected in its cost, an economic question. 
Figure 3: Influences on the water cycle in cities 
 
Economic characteristics 
In recognition of the above problems, the international development community 
clearly expressed the need for applying economic tools and principals to water. The 
International Conference on Water and Environment, held in Dublin, Ireland in January 
1992, concluded, among other things, that “water has an economic value in all its 
competing uses and should be recognized as an economic good”. 
Water is used in economic activities and hence must be allocated among competing 
uses. The commercial needs for water resources complicate matters, since water is a 
difficult to measure and identify. Water flows, evaporates, seeps and is transpired. The 
value of useable water to future generations is hard to quantify and define and 
requires considerations of quantity, quality, timing, and accessibility. As well, the value 
of water to particular uses depends crucially on its location, quality, and timing. Its 
location determines its accessibility and costs. Its quality affects whether it can be 
used, and what treatment cost it will require. The time when it is available governs its 
reliability and its relative value for power, irrigation, environmental or potable uses. 
 Moreover, many development economists agree that the widespread provision of 
water is a prerequisite for the transformation of poorer economies into modern 
economies. For instance, new industries can be const
Lack of control on pollution and consumption of water could lead to greater scarcity as 
developing countries pursue industrial growth.
The increasing financial burden on users to pay for clean water has social and political 
implications.  
There has been growing controversy over the privatization of water worldwide as the 
economic principals of valuation, privat
water, a resource that many consider a basic human need and right.
Social characteristics 
It is commonly accepted that access to water is a basic human right. The Dublin 
Conference in 1992 asserted that “it is 
human beings to have access to clean water and sanitation at 
Moreover, it is argued that water is a social good in that the widesprea
clean and affordable water improves both individual and social well
reduces the prevalence of water
the same water source. The public health impacts of inadequat
sanitation has serious social and economic consequences for all. Being a social good 
and private good are not mutually exclusive conditions. In fact, more water for one 
individual can mean less water for other individuals who share a wat
Ensuring that the public receives an adequate supply of social goods requires some 
level of governmental action, since purely private markets often do not find it 
profitable to provide social goods
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Classifying water as a basic human right introduces further social complications in 
terms of equitable distribution. Only a fraction of water consumption is actually used 
for preserving life. A large portion of urban water is used for convenience and comfort. 
Moreover, the moral dimensions of water management intersect with the property 
rights issues that underlie the economic allocation of water. If local people “own” or 
have a right to water in its natural place, they must be persuaded to voluntarily accept 
removal of water from its natural place.  
In addition, water has cultural and symbolic importance. It is used in religious rituals 
such as baptism and it acts as a source of national identities for many native peoples. 
As such, the value of water to people will differ across cultures and further complicates 
the characteristics of the resource. 
Political characteristics 
In addition, water is not evenly distributed throughout the world, and there are great 
variations in natural abundance. For example, mountain areas produce 80 percent of 
global water resources yet they have less than 10 percent of the global population. 
This uneven distribution entails the need for large-scale transfers and agreements. 
Previously, large-scale transfers of water occurred within national borders. 
Agreements were common among nations that shared a watershed. Recently, as 
domestic, industrial, and agricultural demands for fresh water have grown, proposals 
for massive water transfers are being made at the international level.  
Entrepreneurs have created a wide range of markets for water, leading to various 
forms of international water trading and exchanges. Thus, fresh water has become an 
issue in international trade negotiations and disputes. The lack of legal precedence 
governing the trade of water has placed water at the forefront of international 
concern and tension. 
As well, disputes over shared water resources can lead to violence and continue to 
raise local, national, and even international tensions. Countries may be willing to go to 
war to defend their interests and there is a serious risk of water becoming a cause of 
war in some of the arid parts of the world. Rising conflict is expected as populations 
expand, economies grow, and the competition for limited water supplies intensifies.  
In addition, decisions about water concern many interested parties or enterprises, but 
it could also entail major public health risks, such as the spread of malaria. As such, 
national political implications regarding water management are also a characteristic of 
choosing among competing water uses. 
The above physical, economic, social and political characteristics of water make it a 
unique resource in which a degree of government involvement is inevitable.  
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SURFACE AND GROUNDWATER SUPPLIES 
Traditionally, the management of water resources has focused on surface water or 
groundwater as if they were separate entities. But as development of land and water 
resources increases, it is apparent that their development affects the quantity and 
quality of the other. Nearly all surface-water features interact with ground water.  
These interactions take many forms. In many situations, surface-water bodies gain 
water and solutes from ground-water systems and in others the surface-water body is 
a source of ground-water recharge and causes changes in ground-water quality. As a 
result, withdrawal of water from streams can deplete ground water or conversely, 
pumpage of ground water can deplete water in streams, lakes, or wetlands.  
So, effective land and water management requires a clear understanding of the 
linkages between ground water and surface water as it applies to any given hydrologic 
setting. 
Figure 5: In the hydrologic cycle, water is transferred between the land surface, the ocean, and the atmosphere. 
 
The hydrologic cycle 
As it is shown in Figure 5, water is in constant circulation, powered by the energy 
from sunlight and gravity in a natural process called the hydrologic cycle. Water 
evaporates from the ocean and land surfaces, is held temporarily as vapour in 
the atmosphere, and falls back to the Earth’s surface as precipitation. Surface water is 
the residue of precipitation and melted snow, called runoff. When the average rate of 
precipitation exceeds the rate at which runoff seeps into the soil, evaporates or is 
absorbed by vegetation, bodies of surface water such as streams, rivers, and lakes are 
formed. Water that infiltrates the Earth’s surface becomes groundwater, slowly 
seeping into extensive layers of porous soil and rocks called aquifers. Under the pull of 
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gravity, groundwater flows slowly and steadily through the aquifer. In low areas it 
emerges in springs and streams. Both surface water and groundwater eventually 
return to the ocean, where evaporation replenishes the supply of atmospheric water 
vapour. Winds carry the moist air over land, precipitation occurs, and the hydrologic 
cycle continues. 
Surface Water 
Surface water is water in a river, lake or fresh water wetland. Surface water is naturally 
replenished by precipitation and naturally lost through discharge to 
the oceans, evaporation, evapotranspiration and sub-surface seepage. 
Although the only natural input to surface water system is precipitation, the total 
quantity of water in that system at any given time is also dependent on many other 
factors. These factors include storage capacity in lakes, wetlands and 
artificial reservoirs, the permeability of the soil beneath these storages, 
the runoff characteristics of the land, the timing of the precipitation and local 
evaporation rates. All of these factors also affect the proportions of water loss. 
Human activities can have a large and sometimes devastating impact on these factors. 
Humans often increase storage capacity by constructing reservoirs and decrease it by 
draining wetlands. Humans often increase runoff quantities and velocities by paving 
areas and channelizing stream flow. 
The total quantity of water available at any given time is an important consideration. 
Some human water users have an intermittent need for water. For example, 
many farms require large quantities of water in the spring, and no water at all in the 
winter. To supply such a farm with water, a surface water system may require a large 
storage capacity to collect water throughout the year and release it in a short period of 
time. Other users have a continuous need for water, such as a power plant that 
requires water for cooling. To supply such a power plant with water, a surface water 
system only needs enough storage capacity to fill in when average stream flow is 
below the power plant's need. 
Natural surface water can be augmented by importing surface water from another 
watershed through a canal, pipeline or other sources. Humans can also cause surface 
water to become unusable through pollution. 
 
Groundwater 
Groundwater is water found below the earth's surface. People who have a private well 
get their water from a groundwater source, something is called an aquifer. 
Sub-surface water, or groundwater, is fresh water located in the pore space of soil 
and rocks. It is also water that is flowing within aquifers below the water table. 
Sometimes it is useful to make a distinction between sub-surface water, that is closely 
associated with surface water, and deep sub-surface water in an aquifer. 
Sub-surface water can be thought of in the same terms as surface water: inputs, 
outputs and storage. The critical difference is that due to its slow rate of turnover, sub-
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surface water storage is generally much larger compared to inputs than it is for surface 
water. This difference makes it easy for humans to use sub-surface water 
unsustainably for a long time without severe consequences.  
 
The natural input to sub-surface water is the filtration from surface water. The natural 
outputs from sub-surface water are springs and filtrations to the oceans. 
If the surface water source is also subject to substantial evaporation, a sub-surface 
water source may become saline. This situation can occur naturally under endorheic 
bodies of water, or artificially under irrigated farmland. In coastal areas, human use of 
a sub-surface water source may cause the direction of seepage to ocean to reverse 
which can also cause soil salinization. Humans can also cause sub-surface water to 
become unusable through pollution. Humans can increase the input to a sub-surface 
water source by building reservoirs or detention ponds. 
 
The origin of groundwater is one of the problems that have worried man since ancient 
times. Infiltration theory, which assumes that all groundwater infiltration come from 
direct infiltration from rain or snow, or indirectly from rivers or lakes, has been 
accepted from relatively recent times. For an explicable collective error, which lasted 
centuries, thinkers of antiquity accepted as axiomatic that atmospheric deposition 
were not enough to keep large groundwater flows emerging spontaneously or were 
lighted by the hand of man in some parts of the surface. And, of course, rushed to 
invent the most ingenious, varied and picturesque theories to explain its origin, like 
that groundwater came from the sea and had lost its salinity seeping between the 
rocks. 
There is no data preserved on the thinking of the ancient Eastern civilizations in 
relation to groundwater sources but is surprising the lack of experimentation that 
accompanies old theories, some really smart and imaginative, that could have easily 
been abandoned by a simple measurement or direct experimentation. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6: Ground versus surface water comparison 
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GROUNDWATER  
 
Groundwater is an important source of water supply. In general, water does not 
require a complicated treatment and the amount of water available is safer. 
Sometimes, declining water levels in wells has caused its abandonment; but today, 
modern research methods will allow a safe approximation of groundwater resources 
for an extended production. 
 
A groundwater catchment is any work intended to produce a certain volume of water 
in a concrete water bearing formation, to satisfy a specific demand. 
The choice of type of capture will be conditioned essentially by the following factors: 
• Hydrogeological characteristics of the sector. 
• Hydrodynamic properties of the aquifer materials that are intended to capture. 
• Volume of water required. 
• Temporal distribution of demand. 
• Cost of facility operation and maintenance of the collection. 
Definitively, it comes to striking a balance between the technical and economic 
aspects. 
 
The types of water collection works are mainly: 
• Galleries 
• Drainage channels 
• Springs 
• Wells (Boreholes)  
 
Not all of the water that infiltrates the soil becomes groundwater. First, it may be 
pulled back to the surface by capillary force and be evaporated into the atmosphere. 
Second, it may be absorbed by plant roots growing in the soil and then reenter the 
atmosphere by the process of transpiration. Third, water that has infiltrated the soil 
deeply enough may be pulled downward by gravity until it reaches the level of the 
groundwater reservoir that supplied water to wells.  
The upper stratum, where the openings are only partly filled with water, is called the 
zone of aeration. Immediately below this, where all the openings are completely filled 
with water, is the zone of saturation. The zone of aeration is divided into three belts: 
the belt of soil water, the intermediate belt, and the capillary fringe. The belts vary in 
depth, and their limits are not sharply defined by physical differences in the earth 
materials. A gradual transition exists from one belt to another. 
The belt of soil water is of particular importance to agriculture because it furnishes the 
water supply for plant growth. Water passing downward from this belt escapes the 
reach of the roots of most plants. The depth of the belt of soil water varies with the 
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types of soil and vegetation, and may extend from a few meters to as much as 6.1 m or 
more below the surface. 
The roots of some plants reach into the capillary fringe or the water table where this 
area is relatively close to the surface. This occurs mainly along stream courses.  
Water that does pass through the belt of soil water enters the intermediate belt and 
continues its movement downward by gravitational action. The intermediate belt 
holds suspended water by molecular attraction and capillarity. The suspended water in 
this belt is dead storage because it cannot be recovered for use. The thickness of the 
intermediate belt varies greatly, and has a significant effect on the time it takes water 
to pass through this belt to recharge the zone of saturation. 
The capillary fringe lies immediately below the intermediate belt and above the zone 
of saturation. It holds water above the zone of saturation by capillary force acting 
against the force of gravity. The thickness and the amount of water held in the 
capillary fringe depend on the grain size of the material. 
Water in the zone of saturation is the only part of all subsurface water that is properly 
referred to as groundwater. An exception to the above description of groundwater is 
ancient seawater found entrapped in some sedimentary formations. Groundwater of 
this origin is called connate water. Fresh water from precipitation percolating 
downward may slowly replace the salt water, but in many cases displacement of all the 
original seawater is not yet complete. Therefore, connate water remains in some 
formations in the zone of saturation. 
Zone storage capacity is the total volume of the pores or openings in the rocks that are 
filled with water. The thickness of the zone of saturation varies from a few feet to 
many hundreds of feet. Factors that determine its thickness are: the local geology, the 
availability of pores or openings in the formations, the recharge, and the movement of 
water within the zone from areas of recharge toward points or areas of discharge. 
Formations or strata within the saturated zone from which groundwater can be 
obtained for beneficial use are called aquifers. To qualify as an aquifer, a geologic 
formation must contain pores or open spaces that are filled with water, and these 
openings must be large enough to permit water to move through them toward wells 
and springs at a perceptible rate. Individual pores in a fine-grained material are 
extremely small, but the combined volume of the pores in such a formation is usually 
large.  
The upper surface of the zone of saturation is called the water table. The shape of the 
water table is controlled partly by the topography of the land and tends, typically, to 
follow the shape of the land surface. 
 
 
 
 
 
 
 Wells 
 
Before we discuss the types and design, some key cha
defined: 
 
The height to which water will rise i
level. When pumping starts, the water level drops, and this decline below the static 
level is known as the drawdown. When a water table is pumped, the water
beds around the well are unwatered for some
of influence. This depression in the formerly saturated material is called the cone of 
depression. Under artesian conditions, similar results occur with pumping, but the 
beds are not unwatered. It is only the pressur
reduced outward to the edge of the circle of influence. When pumping from a water 
table is stopped, it may require days or even weeks for the water to rise to the original 
static level, because the water must percolat
other hand, under artesian conditions, only a few minutes may be required for the 
pressure to be reestablished to, or almost to, the static level. The total lift of the pump 
is the drawdown, plus the friction head 
drawdown point to the ground surface, plus any additional head required to lift the 
water to and above the ground.
The location of wells may have an important effect on their yield. Where a large 
amount of water from a formation is to be obtained by means of a number of wells, it 
is usually advantageous to locate them in a line perpendicular to the direction of the 
underflow. 
12 
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The spacing of wells is important, if they are too closely spaced, the cones of 
depression of two or more wells will overlap and the interference between wells will 
cause mutual loss of head. As a result, the total lift required to raise the water to the 
surface will be increased, as will the pumping cost.  
 
Types of Wells 
 
• Dug Wells 
Dug wells are holes in the ground dug by shovel or backhoe. Historically, a dug well 
was excavated below the groundwater table until incoming water exceeded the 
digger’s bailing rate. The well was then lined (cased) with stones, brick, tile, or other 
material to prevent collapse. It was covered with a cap of wood, stone, or concrete. 
Since it is so difficult to dig beneath the ground water table, dug wells are not very 
deep. Typically, they are only 3 to 9 meters 
deep. Being so shallow, dug wells have the 
highest risk of becoming contaminated. To 
minimize the likelihood of contamination, 
your dug well should have certain features. 
These features help to prevent 
contaminants from traveling along the 
outside of the casing or through the casing 
and into the well.  
           
                      Figure 8: Dug well design 
                                    
• Driven Wells  
Like dug wells, driven wells pull water from the water-saturated zone above the 
bedrock. Driven wells can be deeper than dug wells. They are typically 9 to 15 meters 
deep and are usually located in areas with 
thick sand and gravel deposits where the 
ground water table is within 5 meters of 
the ground’s surface. In the proper geologic 
setting, driven wells can be easy and 
relatively inexpensive to install. Although 
deeper than dug wells, driven wells are still 
relatively shallow and have a moderate-to-
high risk of contamination from nearby 
land activities.  
 
                                                                                                          Figure 9: Driven well design 
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• Drilled Wells  
There are a large number of methods for drilling wells. Those most commonly used are 
percussion, rotary, or reverse-circulation drilling.  
The percussion method consists of lifting and dropping a heavy string of tools in the 
borehole. The drill bit breaks or crushes hard rock into soft fragments. In soft, 
unconsolidated rocks, the drill bit loosens the material. Water in the borehole (added 
if necessary) mixes with the crushed or loosened rock to form a slurry, which is 
removed with a sand pump or boiler. The drill bit is of a size that will permit the casing 
to be introduced into the well after drilling is completed. 
In rotary drilling, a cutting bit is attached to a hollow drill rod rotated by an engine-
driven rotary table. Either water or a suspension of colloidal clay is pumped down the 
drill pipe, flows through openings in the bit, and transports the loosened material to 
the surface. The clay suspensions are designed to reduce loss of drilling fluid into 
permeable formations, lubricate the rotating drill pipe, bind the wall against caving, 
and suspend the cuttings. In drilling for water, the thick drilling clay may be forced into 
the aquifer and reduce the flow into the well, but new methods of reaming and 
flushing have largely overcome such difficulties. 
Reverse-circulation, rotary drilling is done with the flow of drilling fluid reversed with 
respect to the system used in the conventional rotary method. The drilling fluid and its 
load of cuttings move upward inside the drill pipe and are discharged by the pump into 
a settling pit. The fluid returns to the borehole by gravity flow. It moves down the 
annular space around the drill pipe to the bottom of the hole, picks up cuttings, and 
reenters the drill pipe through ports in the drill bit. 
Boreholes with diameters up to 1.50 m can be drilled. To maintain a low velocity for 
the descending fluid, the diameter of the hole must be large in relation to the drill 
pipe. Descending velocities on the order of 0.30 m/ s or less are the rule. 
Reverse-circulation offers the least expensive method for drilling large-diameter holes 
in soft, unconsolidated formations. Where geologic conditions are favorable, the cost 
per foot of borehole increases little with increase in diameter. Drilling cost for a 0.90-
1.00 m hole is only moderately greater than for a 0.60 m hole. 
 
 
 
 
 
 
 
 
 
 
Figure 10: Drilled well design 
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• Gravel-Packed Wells  
The effective diameter of a well can be increased by packing gravel between the well 
screen and the outer limits of the borehole. A well hole is first drilled and reamed to a 
diameter of 0.60 m or more. An outer casing is then cemented in place, and the 
aquifer is cleaned before a smaller inner casing carrying the well screen is inserted. 
Gravel is then packed into the annulus between the two casings. Gravel-packed wells 
are favored in fine uniform sands and in loosely cemented sandstones. In fine sands, 
the use of gravel permits the use of larger slot openings in the well screens. In loose 
sandstone, the gravel can prevent sloughing sandstone from entering the well without 
the need to resort to very small well screen openings. Another system consists of 
several standard vertical wells in a circular pattern. 
The individual wells are generally smaller in diameter than normal production wells, 
and when pumped simultaneously, all the wells produce as much as an extremely large 
single well. Ring wells are chosen for groundwater development where thin aquifers of 
fine sands are encountered that would require the use of very large-diameter well 
screens to obtain the desired capacity in a single well. Often it is more economical to 
drill several 0.15-0.25 meter diameter wells than one very large diameter well. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 11: Double-casing, gravel-pack placement 
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• Horizontal Collection (Ranney) Wells  
These wells, also called Ranney wells, are typically used to withdraw water from 
nearby rivers. They are differentiated from ordinary wells in their uptake mechanisms, 
which consist of some drainage pipes that with the help of hydraulic jacks are inserted 
into the ground in a horizontal position, following radial directions. They are 
constructed by lowering a concrete caisson into unconsolidated material, sealing the 
bottom with a concrete plug, and jacking slotted pipes radially out from the bottom of 
the caisson. 
Even when wells with horizontal drains were already used since the XVIII century, 
corresponds to Leo Ranney the development of radial well that, with slight 
modifications, is which is used today. 
Water enters the main shaft or caisson through these horizontal laterals, and is 
pumped to the water system by vertical turbine pumps hung in the caisson. The 
hydraulic head differential created between the river water surface and the water level 
in the caisson draws water through the riverbed material to the slotted pipes of the 
collector well.  
The advantage of this system is that it provides a very large intake area through which 
to draw water, much more than can be obtained from a single vertical well. However, 
collector wells are more expensive than a single vertical well. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 12: Ranney method 
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Advantages of wells 
The main advantages of deposits of groundwater wells, according to their different 
types of use, can be summarized in the following points: 
a) Use of potable water 
• Requires small initial investment in the plant compared to filters for surface water 
treatment. 
• The supply problems in big cities can go solving gradually along with the 
consumption growth without dealing with big solutions for a long-term future. 
• Deposits can it be located very close to the consumer, what saves in adduction. 
• Normally it does not need special treatment. Just a little chlorination before 
delivering to the consumer. 
• Allows solving supply problems very quickly given the short time generally required 
for the construction of such works. 
• In many areas it is the only resource economically available. 
b) Use of industries 
• Allows to have a own source to avoid depending on another source subject to 
variations in the drinking water. 
• Allows obtaining quality water for industrial processes. 
• Allows locating the catchment inside the premises of the industry. 
• For many industries turns out to be the only available resource. 
c) Use in Agriculture 
• Allows solving local irrigation problems without waiting to benefit from the big 
solutions favored by the state. 
• Catchments can be placed very close to the consumer without big works required for 
both, adduction and internal distribution. 
• Allows having the water in the moment it is required. 
• Used as a complement to existing surface resources it can be valuable, even if only 
runs eventually. 
• The groundwater resources are not almost affected by individual dry years. 
• Reduces the allocations per hectare as they have less loss on driving and become 
more careful irrigation systems. 
• In many areas it is the only resource economically available. 
It is a possibility for individual farmers to increase their water resources as the easy 
and economically usable resources for particulars, are mostly exhausted. 
 
 
 
 
 
18 
 
Springs 
Springs are water flowing or seeping out of an opening in the ground or hillside. The 
groundwater travels through a permeable layer, on top of a hard or impermeable 
layer. Usually springs show up where this hard layer is exposed such as at a bank or on 
a slope. Springs are particularly sensitive to seasonal changes in groundwater 
availability and may dwindle during dry periods. Occasionally well drillers will hit a 
layer of ground water which then flows out without being pumped (artesian well). 
 
Springs may be of either fresh water or mineralized water, in which case the spring is 
then termed a mineral or salt spring. These mineralized waters were early recognized 
as having great economic value by settlers as sources of salt and other medicinal 
minerals. 
 
In general, springs can be categorized by their geographic setting. Some springs are 
seeps, in which the water flows out of sand, soil or gravel with no discernable outlet. 
Seeps are common along impermeable layers of shale, or porous rocks which hold 
much water such as sand layers, or sandstones. The highly fractured limestones and 
dolomites also support seep springs along their fractures. Much spring water enters 
rivers directly from the water table via seeps in river bottoms. These are detectable by 
the coolness of those areas underfoot and increases in river flow, with no creeks or 
surface drainage entering the stream. 
 
 
 
 
 
 
 
 
 
 
 
How Springs Form 
Most of the water that emerges at springs is meteoric in nature: it originally fell as rain 
or snow on the surface of the Earth. At hot springs near active volcanoes, some of the 
water may have originated from magma, molten rock that also contains dissolved 
substances such as water. As magma cools and crystallizes in the Earth's crust, it 
releases much of this water. Spring water also can be ancient sea water, although it 
usually is diluted with meteoric water. 
 
 
Figure 13: Hydrogeological functioning of an aquifer 
 Conceptually, the groundwater system associated with springs is simple. It consists of:
- A recharge area wh
- An aquifer or set of aquifer
- A discharge point where water emerges as a spring
 
The existence of a spring r
encounters a low permeability zone and is unable to continue to move downward as 
fast as it is supplied at the surface
intersects the land surface where
level. 
A range of geological structures and topographic features can direct water to the 
surface and form a spring. Many seeps and small springs are associated with 
topographic depressions where the water table intersects the Earth's surface. Larger 
springs usually are formed where geological structures, such as a
or layers of low-permeability material, force large amounts of water to the surface.
 
Types of springs 
Springs are named for how they flow, and there are five main types. 
• Gravity spring 
They occur where groundwater emerges at the surface because an impervious layer 
prevents it from seeping downwards, or the water table is at the same height as the 
land. This type of spring usually occurs on sloping ground 
variations in the height of the water table. The flow tends to vary with the time of 
year. 
 
 
 
 
 
 
 
 
• Artesian springs 
They occur where groundwater emerges at the surface after confinement between 
two impervious layers of rock. The flow is very nearly con
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Figure 14: Gravity spring illustration 
Figure 15: Artesian spring illustration 
 
 to the water's 
 and fractures, 
 
th 
 
20 
 
• Seepage spring 
This type of spring appears when groundwater seeps out at the surface. Seepage 
springs slowly let water out through loose soil or rock and are often found in land 
depressions or low in valleys. 
• Tubular spring 
These springs occur in underground cave systems, which resemble underground 
highways. These tubes, or channels, are made of limestone, and as water moves 
through this type of rock, it dissolves some of it away. Tubular springs are some of the 
largest springs on Earth. 
 
• Fissure springs 
These springs occur along large cracks in the ground, and they are often used as a 
source of drinking water. 
 
How do people get usable amounts of water from a spring? 
It is made by "developing" the spring. The purpose of developing a spring is to capture 
the natural flow of ground water before it emerges onto the surface of the ground. An 
improperly developed spring, such as a single pipe driven into the hillside, will most 
likely not collect enough water to meet normal demands and may become clogged 
easily. 
The two main methods of properly developing a spring are: 
• Perforated Pipe Collection System 
The spring flow is intercepted by a system of perforated pipes installed within 
the water bearing strata and laid in gravel packed trenches. The water is then 
delivered to a storage tank without coming into contact with the surface of the 
ground. 
 
 
 
 
 
 
Figure 16: Tubular spring illustration 
Figure 17: Perforated Pipe Collection System 
 • Spring Box Collection System
A water-tight basin is set into the ground, to the bedrock, or impermeable 
layer. The tank usually has 
bottom is usually filled with stone, brick, or other material that allows water to 
enter the tank while holding back the surface soils.
The spring box or storage tank should have:
- A valved drain to permi
opening must be screened to keep out animals and insects. The outlet for 
the drain should be at the lowest elevation in the spring box to allow for 
complete draining and cleaning of the box. The outlet should be
below the spring box to a non
eliminate soil erosion from below the outlet drain.)
- A screened overflow.
- A screened, valved supply pipe located about six inches above the floor.
- A closed, locked, 
contamination, insect intrusion and human tampering.
 
 
Thermal springs 
Thermal springs are ordinary springs except that the water is warm. Many thermal 
springs occur in regions of recent volcanic activity
contact with hot rocks far below the surface. Even where there has been no recent 
volcanic action, rocks become warmer with increasing depth. In such areas water may 
migrate slowly to considerable depth, warming as it descen
the Earth. If it then reaches a large crevice that offers a path of less resistance, it may 
rise more quickly than it descended. Water that does not have time to cool before it 
emerges forms a thermal spring.
 
 
 
 
Figure 1
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How protect the source of springs from becoming contaminated 
Since springs are close to or at the ground surface, they can become contaminated 
when barnyards, pastures, sewers, septic tanks or drain fields are located above or 
near them. Surface water runoff can carry pollutants long distances where they can 
come into contact with spring sources. Also, rainfall can carry pollutants into the 
groundwater which then come out with the spring water.  
A properly protected spring carries the following characteristics: 
• Is located uphill from pollution sources. 
• Has a drainage ditch which intercepts and diverts surface water runoff away 
from and below the spring source. 
• Has a fence built to keep livestock and wildlife away from the water intake 
system uphill from the spring source. 
• Has warning signs posted to prevent human tampering. 
• Has the watershed under the control of the operator either by direct ownership 
or protective covenants. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 19: Clean Spring Water Example  
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GROUNDWATER IN SPAIN 
 
Aquifer and mass of groundwater  
Based on lithological and hydrological each peninsular and insular territory 
characteristics, the most famous aquifers are:  
a) Detrital Aquifers: composed of loose materials such as gravel, sand and silt that 
cover the valley bottoms of major rivers such as the Ebro and Guadalquivir, and 
deposits of a similar nature that extend across the great plains of Duero and Tajo, and 
littoral areas such as deltas of Ebro or Llobregat, or flats of Castellon and Valencia, 
among others. These are utilized to supply the populations and industries and 
especially in irrigated agriculture. 
b) Carbonate Aquifers: are more or less karstified limestone materials. Outcrop in the 
eastern and southern part of the peninsula and the Balearic Islands. 
c) Finally, in the western part of the peninsula appear the labeled as waterproof or 
very low permeability materials, but that contains aquifers of local interest. Mostly, 
this is land with igneous rocks (granites and related rocks) and metamorphic rocks 
(shale and similar). 
In the Canary Islands aquifers are linked to volcanic rocks nature. Much of the water 
used in these islands is from underground sources. In the interior of the peninsula also 
appear volcanic aquifer formations, although minor, in Olot and the Campo de 
Calatrava. 
 
Facts about groundwater in Spain 
- The amount of fresh ground and removable water in Spain, taking into account only 
the stored water to depths of 100 to 200 meters in the main aquifers is about 3-6 
times higher than the ability storage of more than 1,200 dams that currently exist in 
Spain. 
- The wide distribution of groundwater bodies, covering more than two thirds of all the 
peninsular and insular territory, lets serving the demands at a lower cost of 
infrastructure collection and transportation to the place of use. To these favorable 
conditions should be added, moreover, that the installation of treatment plants may 
not be necessary due to the good chemical and bacteriological quality of these waters, 
which lowers their cost of utilization. 
Has to be kept in mind that many Spanish areas defined as areas without aquifers, 
consist of low permeability materials that may locally have a great interest both to 
supply small towns, as for agricultural and industrial uses; clear examples are the cases 
of Galicia, Extremadura and the Sierra de Madrid, where a significant number of small 
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aquifers exists. It can therefore say that Spain is a country with significant groundwater 
resources, both in quantity and quality. 
 
Public water management 
In the Water’s Law (Ley de Aguas) of 1879, the owner of groundwater was the one 
who lit, whether or not it landowner, even nobody could lit in the land of another 
without permission of the owner. This continued until the enactment of Law 29/1985, 
of Water. In this Act, groundwater is considered public, with exceptions made in the 
Transitional Provisions, for the preservation of legal situations preceding their entry 
into force. The practice has revealed the difficulties of applicability in certain cases. 
Hence, the Parliament approved the Law 46/1999 amending Law 29/1985, in those 
areas where deficiencies 
or problems were 
detected. 
Following the experience 
of the drought in Spain in 
the early 1990s, the 
search for other options 
that allow, on one side, 
increase water 
production using new 
technologies 
(desalination and reuse 
imposed and waste) 
water, and on the other, 
enhancing the efficient use of water, which would require the flexibility of the existing 
concession system through the introduction of assignment of rights to water use. Also, 
policies encourage water saving by establishing a general obligation to measure water 
consumption by certified control systems, or through the administrative fixing 
reference intakes for irrigation. 
The organization of the Public Water Management is based mainly on the river basin 
district in government bodies, the National Water Council and the Committee of 
Competent Authorities. This is so when the watershed exceeds the territory of an 
Autonomous Community.  
 
 
 
 
 
 
Figure 20: Distribution of watersheds 
 Groundwater uses 
Water uses may be consumptive or not.
of a portion of the water used. These include urban supplies, which return the 
hydrological cycle of around 80% of waste water and irrigation, whose return is 
estimated at 20%. In contrast, 
used, but generally, the quality and system availability may be affected.
To estimate the really supplied volumes and consumed in the different uses what is 
done is to apply to populations, industries and irrigation areas, 
provided (set by the River Basin Management Plans), depending on certain factors as 
may be the population size, types of industries, types of crop, the climatic conditions 
and the state of infrastructure. It is assumed that the amou
correspond to the actual consumption.
There is a notable lack of statistics on applications, demands and needs of water, 
making it difficult to estimate the actual volumes used.
In Spain, the total (surface plus underground) water demand 
exceeds 30.000.000 mᶟ / year. This is divided between municipal uses, irrigated 
agriculture and industry. Agricultur
about 80% of the total. The urban supply, including industries networked city, 
consumes about 15% of the total; the
generation not included in the urban network applications.
Urban supply 
The water supply to the populations is an unquestionable basic service for society 
/ person / day. 
Figure 21: Urban water supply with groundwater
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 The first are those which use involves the loss 
non-consumptive uses return almost all the volume 
some theoretical values 
nts thus obtained 
 
 
for consumptive uses 
e demands 24.500.000 mᶟ per year, what means
 remaining 5% are industrial and power 
 
today and a must and indispensable provision by 
public authorities. The Water Law (Ley de Aguas) 
reflects it as a priority and always considers the 
use of water for this purpose. 
The volume of water used in Spain to supply 
population, including industries connected to 
the urban network, is around 4
year, of which between 1.300.000 and 1.500.000 
mᶟ are from underground sources
in Figure 21. With groundwater supply around 
13 million people, almost 30% of the national 
population. There are many cities where all or 
most of the urban supply is 
groundwater: Castellon, Palma de Mallorca and 
Almeria, among others. Overall, 70% of towns 
are supplied with groundwater. The average 
value of domestic consumption is close to 170 L  (2005) 
 
 
.700.000 mᶟ / 
, as it is shown 
covered by 
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Water losses which occur along the distribution infrastructure, in some towns may 
exceed 35%, and 20% being the best. There is also little control of water used for 
irrigation of streets and gardens in towns and cities. 
Industrial use 
It is the water used for industrial production, comprising the specific use in products 
and manufacturing processes, cooling, packaging and preservation. It also includes 
meeting the needs induced by the corresponding ancillary activities such as food and 
personal hygiene, maintenance, security facilities, and others. Furthermore, water 
must be used for cooling power plants account. The industrial supply with 
groundwater is about 890.000 mᶟ / year. 
The increased use of groundwater in the industry not connected to district heating 
corresponds to the Internal Basins of Catalonia (Cuencas Internas de Cataluña), Jucar 
and Ebro. 
Agricultural uses 
Composed of strictly agricultural and livestock. There are more than 3.6 million 
hectares of irrigated land, of which an estimated 62% are irrigated with surface water 
(2,263,000 ha), 34% with groundwater (1,232,000 ha), and 4 % is of mixed origin 
(145,000 ha). 
The total water for irrigation demanded is around 24.500.000 mᶟ / year, of which 
approximately 20.200.000 mᶟ / year are for surface waters and 4.300.000 mᶟ / year for 
groundwater. 
In Spain, livestock water demand is very insignificant compared to agricultural 
demand. Freedom in the operation and management to the Water Act (Ley de Aguas) 
of 1985, and technical development to drive systems and rural electrification, has been 
factors that have led to its use. 
The private sector has been the major driving force behind the development of 
irrigation with groundwater. 89% of the irrigated with groundwater surface 
corresponds to the private sector, compared with 37% in the irrigated with surface 
water. Irrigation with groundwater is generally more efficient due to better use and 
water savings as a result of a tighter fit between the actual cost of the investment and 
the price of water. This does not happen in the case of regulated surface waters, 
whose price is far from its real cost. Another factor to consider is that the vast majority 
of irrigation with groundwater has been developed from the 1960s, which allowed 
using more modern irrigation systems. 
The presence of groundwater in areas with a favorable climate for agriculture, as in the 
case of the Mediterranean coast, has led to the irrigation of large tracts of land with 
crops of high economic returns. 
In Spain, 35% of the irrigated with groundwater uses gravity methods, while 65% 
applies sprinkler and drip irrigation. 
 
 Ecological and environmental uses
The estimation of ecological or environmental flow is the difficulty o
to which is acceptable to modify the natural flow regime without 
survival and normal levels of aquatic populations.
These environmental flows will vary depending on the type of river, wetlands, deltas 
estuaries. In the case of rivers, the general flow traffic conditions 
Basin Management Plans
requirements of wetlands
management for conservation, c
aquifer. This is precisely the work being done at the National Wetland Inventory 
(Inventario Nacional de Humedales
of Nature. 
Recreative uses  
Composed of varied uses of the hydraulic domain, which have in common the aim of 
satisfying the requirements 
view of the use of water resource
- Recreational uses involving
sports fields, swimming pools, sports centers).
In general, pose moderate water consumption; sometimes these applications are 
difficult to separate from urban use. Irrigation of golf courses 
included in the demand for irrigation, and can b
areas. 
- Activities that use water in reservoirs, rivers and landscapes of an instream mode 
(sailing, windsurfing, rowing, canoeing, bathing, fishing, rafting)
- Scenic uses that are related to water in an indirect way, usin
landmark for related activities (camping, hiking, hunting, hiking).
 
 
 
 
 
 
 
 
 
 
 
 
Figure 22:
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 Economic value of groundwater
Water has a fundamental environmental value by enabli
the industrial, agricultural and energy source development. The use of groundwater 
has favored the development of industrial estates and irrigation in many sectors, 
helping to raise, sometimes dramatically, the standard of
east, southeast and south peninsular, as is the for Valencia, Murcia, Almeria and 
Huelva. Similar situations have
among others. The fact that any citizen can have in 
water flows in the required quantity and quality, has a cost that 
support. Water has therefore a price to offset the 
treatment, distribution and waste water treatment (in many cases, 
bill paid in a city, is dedicated to that 
tending to the user to pay the direct costs (regulation works, transportation, 
purification, power grids or preservation and amortization
difficult to evaluate financially 
impact. In Figure 23 can be
The tradition of public administration as financier engine and 
especially in regarding to surface water, has led in the past 
subsidized water, mainly for irrigation. In contrast to surface water
almost always has been mak
taken remarkable construction costs, 
This has meant a more efficient use of ground
has produced sharp declines in water levels and degradation of some aquifers.
Andalusia’s  committee (Junta de Andalucía)
conducted with groundwater, comparing yields supplied with surface water irrigation, 
concluding that, in Andalusia, irrigation with groundwater are about four or five times 
more productive in money, and generate three or four times more jobs per cu
meter of water used, than 
 Figure 23: Water prices for urban supply in different Spanish cities
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 How to register a well in the Valencian Community
To legalize a well, first of all competent technician
or hydrogeologist. 
 
In Catalonia, the first step is t
these permissions is the ACA (Catalan Water Agency). If 
of the CHE (Ebro River Basin) may ask the ACA or 
 
In these links can be foun
institutions: 
 
http://aca-web.gencat.cat 
http://www.chebro.es 
 
If the well is already built, 
office. 
 
This are the some fragments of the contents requested at the tim
well to the water registration office.
 
- Stratigraphic column with the piezometric level
 
 
 
 
 
 
 
In Figure 24, we can see the column 
the borehole and their visual characteristics. We can also 
see that in the meter 57.27
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 is needed, for example, a geologist 
o ask permission to conduct a borehole
the well is within the domain 
also the CHE. 
d the instances to request permission from the different 
the registration must be asked to the water 
e of enrolling the 
 
: 
of materials crossed by 
 is the piezometric level. 
. The one giving 
registration 
Figure 24 
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- Characteristics and accessories of the well: 
 
 
 
 
In Figure 25 is specified the drilling section, the 
section of the tube, the grid position, type of 
packaging, pump location and protection 
systems of the well. 
 
 
 
 
- Maps 
 
 
• Site Map 1:25000 
 
 
 
 
The location of the well is 
located in this map. 
 
 
 
 
 
• Orthophoto 
 
 
 
 
On this map farms are located. 
 
 
 
 
 
 
 
Figure 25 
Figure 26 
Figure 27 
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• Cadastral map 
 
 
 
 
 
Farms are located in a cadastral map. 
 
 
 
 
 
 
 
• Inventory Map 
 
 
 
 
In the map in Figure 29 the well 
is placed, with a radius of 100m 
and if there are other wells in 
the area (in this case there is 
only this well). 
 
 
 
 
 
 
- Agronomic study 
 
To justify the flow required is asked for an agronomic study of the property and its 
uses. 
 
This study is comprised by two agronomic studies, one for dry farming (olive and carob 
trees) and another for irrigation (orange). 
 
 
 
 
Figure 28 
Figure 29 
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• Agronomic dry summary: 
 
 
In this table can be observed the 
irrigation months, the month of 
peak demand and annual volume 
extract. 
 
 
 
 
• Agronomic irrigation summary: 
 
 
 
 
In the table in Figure 31 can 
be observed the irrigation 
months, the month of peak 
demand and annual volume 
extract. 
 
 
 
These data are characteristic for each zone according to their latitude, rainfall and crop 
type. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 30 
Figure 31 
 PRACTICAL PART 
 
DESIGN OF A WELL 
a. Design a diameter of a complete drilled well, from which the amount of 
the maximum daily water demand for a given village will be drawn.
Necessary symbols:  
 Qм – maximum water demand per day is 0.0236 m
H – height of undercreased level of underground water above the impermeable bed is 
20m and the filtration coefficient k = 5*10
Terrain elevation in the well’s surroundings is 362.50m a.s.l.
Water table is 1.6 m under the terrain; ground elevation is 361.00 m a.s.l.
For the designed well diameter draw the following:
b. line of yield capacity 
c. line of specific capacity 
d. depression line of undecreased level at the well’s perimeter.
 
a. Diameter of the well 
The diameter or the radius of the well, as the case may be, can be expressed for the 
calculation of specific capacity:
  P = 2π*r*h*
√

  D = 
∗
∗	∗√

            
Figure 32: Scheme of a complete well, line of yield capacity and line of speci
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r = 
∗
∗	∗√

              [m] 
In case of optimal drawing of water, the water level in the well theoretically decreases by one 
third, it means that the height of water in the well may be considered to be h = 2/3 H, then the 
well diameter D is: 
  D = 
∗
∗/∗∗√

             [m] 
  D = 
∗.
.∗

∗∗∗⁻⁴
 = 0.378 [m] 
Diameter of the well D = 0.314 m. 
For calculated diameter of well is design of the well screen Johnsons Screen with internal 
diameter 387 mm. 
 
b. Line of yield capacity 
When a certain amount of water is drawn from the well, the water level in the well decreases 
by a certain value called a draw-down. The relation between the drawn amount of water and 
the draw-down may be expressed by the line of yield capacity. 
For different draw-downs, yield capacities are calculated and from these values the line of 
yield capacity is drawn. 
For the calculation of yield capacity we use the formula: 
  Q = 1.36*k*
²	²


              [mᶟ.s⁻¹] 
If h is expressed as: 
   H = H - z, 
Where z is the draw-down in the well, H = 20 m 
 Then the formula for the calculation of yield capacity Q will be: 
  Q = 1.36*k*
 ∗( )


              [mᶟ.s⁻¹] 
Filtration coefficient k = 5*10⁻⁴ [m.s⁻¹] 
The value of the radius of influence “R” will be changing depending on the value of the draw-
down in the well “z”, which is obvious from the formula: 
  R = 3000*z*√k 
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The Q and R values for different draw-downs in the well ranging between 0-H are listed in this 
table: 
 
 
 
c. Line of specific capacity 
In order to calculate the specific capacity, maximum flow speed Vmax has to be calculated 
first: 
  Vmax = 
√


               [m.s⁻¹] 
  Vmax = 
∗⁻⁴

  =0.0015      [m.s⁻¹] 
The specific capacity P will be: 
  P = 2π*r*h*Vmax=2π*r*h*
√


    [mᶟ.s⁻¹] 
for h = 0      →   P = 0 
for h = H     →   P = π*D*H*Vmax    [mᶟ.s⁻¹] 
  P = 3.14*0.387*20.0*0.0015= 0.03645    [mᶟ.s⁻¹] 
 
 
 
 
 
 
 
 
z [m] h [m] R [m] Q [mᶟ.s⁻¹] 
0 20 0 0 
5 15 335.41 0.0361 
10 10 670.82 0.0566 
15 5 1006.23 0.0675 
20 0 1341.64 0.0697 
 The intersection point of the line of yield capacity with the line of specific capacity gives the 
optimum drawing of the water from the well and the 
 
 
 
 
 
 
 
 
 
 
From the intersection point of the line of yield capaci
shall deduct the value Qopt = 
find out, if the designed well will ensure sufficient amount of water for the X community.
The optimum amount of water drawn from the well
demand for the community, which means that the well designed like 
The draw-down in the well (the value read from the line of the yield capacity) wh
amount of water drawn from the well is 
 
d. Depression line of the drawn
The depression line will be delineated for the draw
the amount of water drawn from the well is Qм.
Te Radius of influence R for the draw
drawdown when the amount of water drawn is Q
  R = 3000*z*√k           
  R = 3000*4.0*
Figure 33: The line of yield capacity and the line of specific capacity of the designed well
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draw-down. 
ty and the line of specific capacity we 
0.0292 [mᶟ.s⁻¹]. By comparing the values Qopt and Q
Qopt > Qм 
0.0292 mᶟ.s⁻¹ > 0.0236 mᶟ.s⁻¹ 
 is higher than the maximum daily water 
this complies
Qм = 0.0236 mᶟ.s⁻¹ is 4.0 m. 
-down at the well’s perimeter 
-down Zм = 4.0 m that will be reached when 
 
-down in the well of Zм = 4.0 m that corresponds to the 
ԁ will be: 
          [m] 
5 ∗ 10⁻⁴ = 268.33    [m] 
м we shall 
 
. 
en the 
 
 For the yield capacity of the well, what is at this case is Q
drawn from the well, we use the formula:
  Q = 1.36*k*
 ∗
For the general point of the depression curve x for the drawdow
  Q = 1.36*k*
Zₓ
it means that the distance of the point x of the depression curve, in which the drawdown will 
be zₓ can be expressed as follows:
  log x = log R –
  X = R*./–	
For values 
R = 268.33 m  k = 5*10
And for different values of draw
next table: 
zₓ	2m4 4.0 3.0 
X [m] 0.01903 0.16996
For the draw-down zₓ = 0 the value x = R
In figure 34 the depression curve for the designed well is delineated.
Figure 34: Depression curve of the drawdown in the well’s surroundings37 
м = 0.0236 mᶟ.s⁻¹ that is going to be 
 
! "


              [mᶟ.s⁻¹] 
n of zₓ the formula will be:
	∗!Zₓ	)


              [mᶟ.s⁻¹] 
 
 
.∗
∗5ₓ	∗!5ₓ	)
м
            [m] 
7.8∗9
:м
	∗	 ₓ	∗	(	 ₓ	)
             [m] 
⁻⁴ m.s⁻¹ H = 20 m	 		Qм = 0.0236 
-downs- ranging from 0 to Zм the values of x are calculated in 
2.5 2.0 1.5 1.0 
 0.53382 1.73316 5.81682 20.1808 72.3771
 
 
 
mᶟ.s⁻¹ 
0.5 0 
 268.33 
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CONCLUSION:  
Designed tube well with diameter 0,387 m to deep of 20 m under the terrain in given aquifer 
what is given with filtration coefficient k = 5.10⁻⁴ m.s⁻¹, will be suitable for maximum water 
demand per day in a given village Qм = 0.0236 mᶟ.s⁻¹. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
39 
 
CONCLUSION 
 
With this thesis I have learned that the dynamics of groundwater is an essential 
determinant of vegetation and landscape. The aquifer is a strategic asset that 
determines land use. Therefore, an integrated vision of nature would not be complete 
without the help of hydrology. 
I would like to point out how important the study of water is to understand many 
things in the world. Learning how it moves, how to debug it and why the hydrological 
cycle is how it is means a breakthrough for humanity, both in terms of lifestyle and 
science. 
I think it is a topic that everyone knows about but which we should worry more about 
because we can’t live without water and it starts to be completely contaminated and 
scarce. I think people who have full availability misuses it and is unable to realize, even 
knowing that there are people who do not have access to it, how precious it is. 
I find it interesting the part where water is considered a right, even though there are 
people who can’t consider the same. 
I think the biggest advance for humanity at this time could be that instead of using this 
knowledge to provide better service to those who already can use water as desired, 
could be used to get a common good, one that could divide equally and moderately 
because it is more important than what many people think. 
About groundwater, I learned after this detailed study, that it is very important in 
terms of water supply source and that often, money trumps the common sense and 
natural relics like these are shattered for the benefit of very few. Furthermore, the 
study of surface water and ground water has made me realize that water is one of the 
factors that makes humanity progress, both in terms of industrially and scientifically as 
individually as a person, because even being one of the elements of our body, is 
necessary for our diet or lifestyle, among other factors. 
To sum up, I think that water and its resources should be further investigated for 
learning how these goods can be kept and to help to avoid contamination of them. 
Also, I think people need to be more aware of the value of water and that has to be a 
change, both politically and economically like morally, in order to have water for many 
centuries more. 
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